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In  the  .sumner  of  1951,  we  measured  the  absorption  of  particles  generating 
electron-nuclear  showers  in  graphite,  iron,  and  lead.  The  work  was  done  in 
Pamir  at  an  altitude  of  3860  m.  Fig.  1 is  a diagram  of  the  apparatus.  Each 
counter  was  connected  with  its  light  of  the  hodoscope  which  was  triggered  by 

the  triple  coincidences  of 
counters  I,  II,  and  III.  These 
coincidences  selected  the  cases 
of  formation  by  ionizing  parti- 
cles of  a shower  containing  at 
least  two  p>enetrating  particles. 
The  thickness  of  lead  between 
the  adjoining  counters  II  and 
III  was  at  least  4 cm. 

There  was  always  a thickness 
of  56  cm  of  lead  between  the 
absorber  P and  the  counters  II 
and  III  in  order  to  avoid  the 
transition  effect  in  the 
absorber.  ’ (For  exanple,  it 
can  be  seen  from  the  absorption 
curve  of  electron-nuclear 
showers  in  water  that  the 
transition  effect  in  an  absorber 
becomes  negligible  at  a depth  of  two  or  three  mean  free  paths  for  the  inter- 
action with  nuclei  of  the  particles  which  generate  electron -nuclear  showers. ) 
The  iron  or  lead  absorbers  were  arranged  in  layers  in  such  a way  as  to  make 
their  volume  equal  to  the  volume  of  the  graphite  absorber. 

In  our  work,  we  selected  only  those  hodoscopic  photographs  that  showed 
the  registration  either  of  two  nonadjoining  counters  or  of  three  or  more 
counters  of  groiq)s  II  and  III.  With  this  selection  system,  electron-nuclear 
showers  generated  by  particles  with  an  energy  greater  than  10  ev  were 
registered.  (3ases  in  idiich  more  than  one  counter  of  group  I was  triggered 
were  excluded,  i.  e.,  only  the  events  caused  by  a single  penetrating  ionizing 
particle  crossing  the  apparatus  were  studied. 

The  basic  results  of  the  measurements  are  given  in  Table  I.  The  fourth 

column  gives  the  values  of  the  mean  free  path  for  an  absorption  of  the 

cooponent  generating  electron-nuclear  showers.  The  last  column  gives  the 

ratio  of  X to  the  mean  free  path  X , corresponding  to  the  so-called 
P * 
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’’  geometrical”  cross  section  of  the  nucleus, O = ?l  x 1.4^i4^3  x 10  the 

value  of  is  close  to  the  value  of  the  mean  free  path,  Xj,  for  the  inter- 
action of  tlie  particles  generating  the  electron-nuclear  showers. 

T»ble  I. 


No.  of  j 
counters  i 

II  and 

III  which 
regia-  ] 

1 

No.  of 
events 
r per  hour* 

1 

1 

Xp  in 
gm  X cm** 

rg 

tered  N,. 

i 

1 

2 

i 3,39+0,13 

Without  absorber  | 

3 ! 

: 3,80+0,13 

1 

, 1,57+0,09 

>3 

5,37+0,16 

Graphite  152  gm 

2 

1,96+0,08 

i 278+29  i 

1 

1 

X c«-2 

3 

1,92+0,08 

1 223+18  1 

>'• 

0,74  ±0,05 

203±27 

>‘3  1 

2,66+0,10 

216  + 15 

3,5 

Iron  252  gm  X cm*2 

9 

1 1,82+0,10  1 

1 405+42 

! 1,91+0,10  ' 

‘ 366  + 23 

>■'<  , 

; 0,67  +0,06  | 

1 295±35 

>3 

2,58+0,11 

; .344  ±25 

3,4 

Lead  365  gn  x cn~^ 

2 

1,85+0,08  ' 

' 603  + 58 

3 

1,71+0,08 

•457 -+*33 

>'• 

0,81+0,05 

553+71 

>3 

2.52+0,10 

482+31 

>2 

, 4. .37+0, 12 

527±28 

3.0 

Lead  160  gm  X cb”2 

>2 

i 6,30±0,22 

496±64 

*Corrected  for  accidental  coincidences 


Ihe  following  conclusions  can  be  inferred  from  the  table; 

(1)  Ihe  comparison  of  the  absorption  values  \dien  a varying  manber  Ng 

of  counters  of  groups  II  and  III  have  registered  shows  the  absence  of  the 
transition  effect  adiich  should  have  reduced  the  measured  value  of  absorption 
for  greater  Nf.’s  (we  observed  this  effect  by  using  a similar  apparatus,  with, 
however,  a smaller  thickness  of  the  absorber  and  of  the  permanent  lead  layers 
under  the  absorber. ) 

Ihe  equality  (within  the  limits  of  error  of  measurement)  of  the  values  of 
Xp  measured  for  two  different  thicknesses  of  lead  also  indicates  the  absence 
of  the  transition  effect. 

A certain  reduction  of  absorption  for  the  smallest  iV,.’ s is  apparoitly 
caused  by  the  registration  of  a small  nuaber  of  showers  produced  by  electro- 
magnetic interaction  of  hi^-energy  ^-mesons. 

(2)  The  measured  value  Xp  is  substantially  greater  for  graphite  than  the 
corresponding  value  for  air  (~120  gm/cm  );  see  reference  1.  In  the  absence 
of  the  influence  of  the  transition  effect,  this  fact  means  that  the  conponent 
generating  the  electron -nuclear  showers  contains  particles  vhich  decay.  The 
proportion  of  these  particles  can  be  estimated  from  the  relation 

(1  - s),  (1) 

where  T is  the  average  effective  nunoer  of  nuclear- interacting  particles 
formed  by  a single  interaction  between  the  incident  particle  and  the  atomic 
nuclei  of  the  matter. 

Eq.  (1)  applies  not  only  to  the  particular  hypotheses  on  the  basis  of 
whicdi  this  equation  was  derived  in  references  2 and  4,  but  also  to  a quite 
general  case,  as  can  be  shown  from  the  kinetic  equations  for  appropriately 
averaged  values  of  Xj^  and  s.  (In  reference  3,  in  order  to  estimate  the 


3 

proportion  of  decaying  incident  particles  by  conparing  the  absorption  in 
water  and  in  air,  the  incorrect  relation  (1  - s)  was  used.) 

w&ccr  2 

Since  the  value  Aj  for  air  and  graphite  is  '''60  to  70  gnycm  , we  would 
find  from  (1)  that  in  air  ? is  1/3  as  large  as  in  graphite.  Ihus,  about  1/3 
of  the  particles  generating  electron-nuclear  showers  in  a dense  substance 
have  time  to  decay  cotrpletely  in  air  at  average  altitudes. 

If  it  is  assumed  that  these  decaying  particles  are  principally  K-mesons, 
then,  insofar  as,  in  the  case  of  the  energies  of  "''10  ev  selecced  by  the 
apparatus,  the  mean  free  path  for  decay  may  be  compared  with  the  path  for 
interaction  in  air,  even  in  air  7t-mesons  must  constitute  an  appreciable 
fraction  of  the  particles  that  generate  the  electron-nuclear  showers;  in  a 
dense  substance,  their  proportion  must  be  well  over  1/3. 

(3)  In  lead,  absorption  is  substantially  smaller  than  in  a graphite  layer 
of  equal  mass.  The  absorption  in  layers  of  graphite,  iron,  and  lead  of 
equivalent  values  is  equal,  and  therefore  the  absorption  during  the 
passage  through  the  nucleus  is  also  equal  to  a first  approximation. 

(4)  The  value  of  Xp  for  all  three  substances  is  approximately  three  times 
as  great  as  X{,  i.e. , (Xp/Xi)c  ~ (^pAi)Fe  (^pAi)pb  ~ 3.  This  means  that 
the  absorption  of  nuclear-interacting  particles,  together  with  the  secondary 
nuclear- interacting  particles  produced  by  them,  takes  place  on  the  average 
after  about  three  interactions  with  the  nuclei. 

However,  the  cross  section  for  the  interaction  with  the  nuclei  of  the 
incident  particles  is  similar  in  magnitude  to  the  geometrical  dimensions  of 
the  nucleus.  Hence,  when  these  particles  pass  through  heavy  nuclei,  suc- 
cessive collisions  with  nucleons  inside  the  same  nucleus  must  take  place. 
Nevertheless,  the  loss  of  nuclear-interacting  particles  during  the  passage 
through  one  nucleus  is  about  the  same  for  light  and  heavy  substances  despite 
the  different  nunher  of  collisions  with  nucleons  inside  the  light  and  the 
heavy  nuclei. 

There  are  two  possible  e^qilanations  for  this  peculiarity.  The  first  is 
that,  for  energies  of  the  order  10  ev,  the  fast  incident  particle  inter- 
acts with  the  nucleus  as  a whole,  and  the  results  of  the  interaction  do  not 
depend  much  on  the  atomic  number  of  the  nucleus.  The  second  explanation, 
based  on  the  assumption  that  when  nuclear-interacting  particles  pass  throu^ 
a nucleus,  they  can  consistently  interact  with  various  nucleons  or  groups 
of  nucleons,  is  as  follows:  The  rc  -mesons,  appearing  during  the  formation 
of  the  electron-nuclear  shower,  decay  as  they  leave  the  nuclei  in  which 
they  were  formed,  producing  photons,  and,  from  the  viewpoint  of  the  nuclear 
cascade  process,  the  energy  transmitted  to  them  can  be  considered  irreversi- 
bly lost.  In  heavy  nuclei,  an  intemuclear  cascade  process  must  occur  with 
the  participation  also  of  TC  -mesons,  as  a result  of  which  the  energy 
transferred  to  the  latter  will  to  some  extent  become  a part  of  the  energy 
of  the  nuclear  cascade  and  correspondingly  reduce  its  attenuation.  Thus, 
the  reduction  of  the  number  of  nuclear-interacting  particles  must  be  less 
after  passing  through  one  heavy  nucleus  than  after  passing  through  several 
li^t  nuclei  with  the  same  number  of  nucleons  in  the  path  of  the  nuclear- 
interacting  particles. 

Besides  the  n -mesons,  a similar  effect  may  be  caused  by  other  nuclear- 
interacting  particles  decaying  with  a mean  free  path  that  is  small  or 
comparable  with  the  path  [necessary]  for  interaction  in  a dense  substance, 
and  producing  particles  which  do  not  interact  with  nuclei,  (kir  quantitative 
estimate  of  this  effect,  based  on  Eq.  (1),  shows  that  such  an  explanation 
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is  possible  for  our  experimental  data. 

Insofar  €is  inside  heavy  nuclei  n -mesons  lose  part  of  their  energy  in 
nuclear  interactions,  it  must  be  expected  that  the  energy  transmitted  to  the 
electron^hoton  component  will  be  smaller  in  heavy  substances  than  in  light 
substances  of  equal  mass. 

The  intemucleer  cascade  process  must  result  in  the  partial  loss'  in  oiergy 
of  the  nuclear-interacting  particles  which  have  interacted.  Therefore,  the 
average  energy  of  nuclear -interacting  particles  leaving  heavy  nuclei  must  be 
somewhat  smaller  than  that  of  the  particles  leaving  light  nuclei.  Since  the 
absorption  in  lig^t  and  heavy  substances  nevertheless  occurs  after  an  equal 
nuniier  of  interactions,  it  follows  that,  on  the  average,  a greater  number  of 
nuclear- interacting  particles  issues  from  the  heavy  nuclei. 

In  examining  the  possible  mechanisms  of  the  intemuclear  cascade  process, 
we  cannot  disregard  the  possible  case  of  several  nuclear-interacting  particles 
(prodiced  in  the  same  nucleus  and  leaving  at  a small  angle)  interacting  with 
the  same  nucleon. 

The  authors  acknowledge  their  appreciation  to  V.  I.  Veksler  and  N.  A. 
Dobrotin  for  their  participation  in  discussion  of  the  work  and  to  F.  0.  Khra- 
menkov  for  his  assistance  in  the  measurements. 

^Birger,  Veksler,  Dobrotin,  et  al.,  Zhur.  eksptl.  i teort,  fix.,  19,  B26  (1949). 

^M.  I.  Podgoretaky,  Zhur.  eksptl.  i teort.  fix.,  21,  1097  (1951). 

^Aximov,  Vishnevsky,  and  Khilko,  Doklady  Akad.  Nauk  SSSR,  78,  231  (1951). 

V.  N.  Gorbunov,  Zhur.  eksptl.  i teort.  fix.,  19,  1076  (1949). 


Lebedev  Physics  Institute,  Physico-Technical  Institute  of  the  Uxbek  Republic  Academy 
of  Science 

Received  September  25,  1952;  presented  by  Academician  D.  V.  Skobeltsyn  March  2,  1953 


AEC,  Oak  Ridge,  Tenn.-W36180 


NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
are  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT’  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANf  WAY  BE  RELATED  THERETO. 

Reproduced  by 

DOCUMENT  SERVICE  CENTER 


